The anatomical characters of the wood of seven species of the genus Castanopsis (D.Don) Spach (Fagaceae) from northern Thailand were investigated. The specimens were sectioned using a sliding microtome. Tissue maceration was also performed using Franklin's solution. The samples of wood sections and macerated cells were observed under a light microscope and under scanning electron microscope. The wood anatomical data including presence of broad rays, vessel arrangement, presence of growth rings, occurrence of tyloses, shape of vessel-ray pits, and occurrence of prismatic crystals are helpful for identification of the species. From this study, a key to species based on wood anatomical characters was constructed.
INTRODUCTION
The genus Castanopsis (D.Don) Spach (Castaneoideae, Fagaceae) comprises about 120 species widely found in the tropics and subtropics of South Asia to near Australia, and also in southwestern USA. Castanopsis is native to South-East Asia with 58 species (30 endemic) recorded in China (Chengjiu et al., 1999) ; in Thailand, there are 33 species (Phengklai, 2008) .
Several species are economic timber trees and important components of the ecosystem especially in the northern hemisphere (Shimaji, 1959; Cannon & Manos, 2003) . Many species of Castanopsis provide edible nuts such as C. diversifolia (Kurz) King ex Hook.f., C. acuminatissima (Blume) A.DC., C. argentea (Blume) A.DC. and C. echidnocarpa (Hook.f. & Thomson ex A.DC.) A.DC.; C. acuminatissima is also used as a pioneer species for forest plantation (Phengklai, 2008) . Woods of some Castanopsis are widely used for construction, furniture, flooring, firewood and mushroom culture (Lemmens Wood characteristics of Castanopsis were investigated by Metcalfe & Chalk (1957) within a generic survey of the wood anatomical characters of Fagus L., Nothofagus Blume, Castanopsis, Castanea Mill., Lithocarpus Blume and Quercus L. The wood anatomy of Japanese Castanopsis was reported by Shimaji (1959 Shimaji ( , 1962 , whilst Hwang (1962) also described the anatomy of some important Taiwan woods and reported anatomical features of Castanopsis, Lithocarpus and Quercus. Pande et al. (2005) studied wood anatomical variations in the genus Castanopsis from different localities and examined in relation to altitude and latitude. Although there are many species of Castanopsis in Thailand, anatomical data on woods of this genus are rare. In addition, members of this genus show highly morphological variation and anatomical characteristics would supplement species identification based on morphological characters. Moreover, the data can be used to evaluate the properties of wood leading to suitable utilization of particular species.
MATERIALS AND METHODS
Seven species of Castanopsis woods were investigated as they are commonly used in northern Thailand (Table 1) , and surveys and specimen collections were made in northern Thailand. Species identification was performed and examined with herbarium specimens at BK, BKF, KKU and QBG. The morphological data and localities were recorded. Wood samples were taken from mature trunks at 1.3 m height from the ground.
Macroscopic and microscopic characters
The woods were sectioned using a sliding microtome with a thickness of 60-120 µm. For microscopic characters, the samples were cut in three planes: transverse, tangential and radial long sections by a sliding microtome with 18-25 µm thickness and stained with 1% safranin. The excess stain was washed away with distilled water, dehydrated in 70% and 95% ethanol, then dehydration was completed with absolute ethanol, transferred to a mixture of equal parts of absolute ethanol and xylene, allowing at least 5-10 minutes in each. The stained samples were cleared with pure xylene for at least 15 minutes. Finally the wood sections were permanently mounted on microscope slides with permount.
Preparation of macerations
The wood specimens were cut into small pieces, then placed into Franklin's solution (10% Hydrogen Peroxide and 10% acetic acid 1:1) (modified from Franklin, 1945) and stained in 1% safranin for various times according to the species (6-12 hours) . Excess stain was washed out in two changes of 70% ethanol, followed by dehydration with 95% ethanol and absolute ethanol. The samples were cleared with a mixture of equal parts of absolute ethanol and xylene, and then passed through pure xylene. The specimens were mounted on a slide with permount.
Scanning electron microscopy (SEM) analysis
The samples of wood sections and macerated cells were dehydrated, subjected to CPD and coated with gold particles prior to observation under a scanning electron microscope. Wood anatomical characteristics were described following the "IAWA List of Microscopic Features for Hardwood Identification" (IAWA Committee, 1989) with at least 25 measurements were made of each feature. The data and images were analysed using a Zeiss microscope assembled with an AxioCam MRc camera and Axioskop II Plus programme.
RESULTS
The anatomical features of the wood of the seven species of Castanopsis collected from northern Thailand are described as follows:
1. Castanopsis acuminatissima (Blume) A.DC.
Macroscopic characters
A tall tree up to 40 m high and 70-250 cm in girth. The wood is yellowish to light brown. Growth ring boundaries are indistinct. Texture is fine, without lustre and odor. Broad aggregate rays are distinct to the naked eye. 
Microscopic characters
Wood diffuse porous. Vessels are mostly solitary and arranged in a diagonal and radial pattern (Fig. 1A) . Vessels 105±27 µm in diameter and vessel elements 403±257 µm in length. Vessel density is low with 12±3 vessels per mm 2 . Perforation plates are simple. Intervessel pits are minute (average 2.17±0.50 µm), round and alternate (Fig. 1D) . Vessel-ray pits are with much reduced borders to apparently simple, rounded or angular and elliptic (Fig. 8C) . Tyloses are absent. Vasicentric tracheids are present with thick-walled, rounded bordered pits abundant on radial and tangential walls (Fig. 8D) 
Macroscopic characters
A tall tree up to 30 m high and 120-200 cm in girth. The wood is brown. Growth ring boundaries are indistinct. Texture is fine, without lustre and odor. Broad rays are absent to the naked eye.
Microscopic characters
Wood diffuse porous. Vessels are mostly solitary and arranged in a diagonal, radial ( Fig. 2A) (Fig. 2D ). Starch grains are present in both ray and axial parenchyma cells.
Castanopsis armata (Roxb.) Spach.

Macroscopic characters
A tall tree up to 30 m high and 120-200 cm in girth. The wood is light brown. Growth ring boundaries are indistinct. Texture is fine, without lustre and odor. Broad aggregate rays are distinct to the naked eye.
Microscopic characters
Wood diffuse porous. Vessels are mostly solitary and arranged in a diagonal, Wood diffuse porous. Vessels are mostly solitary and arranged in a diagonal, radial (Fig. 3A) or dendritic pattern. Vessels 157±52 µm in diameter and vessel elements 303±102.8 µm in length. Vessel density is low with 9±1vessels per mm 2 . Perforation plates are simple. Intervessel pits are minute (average 3.53±1.03 µm), round and alternate. Vessel-ray pits are with much reduced borders to apparently simple pits, elliptic. Tyloses are common in vessels (Fig. 3D ). Vasicentric tracheids are present with thick-walled, rounded bordered pits abundant on radial and tangential walls. Vascular tracheids are present near vessel. Fibres are non-septate, narrow, 3.71±1.62 µm in diameter and 1067.36 ±295.83 µm long. Fibre walls are 3.48±0.83 µm thick. Fibres with simple to minutely bordered pits. Axial parenchyma is paratracheal, typically vasicentric and scanty. Apotracheal axial parenchyma, typically as diffuse, diffuse in aggregates and in narrow bands or lines two cells wide, 4 (3-10) cells per parenchyma strand. Rays are homocellular with procumbent cells and heterocellular with body ray cells procumbent (Fig. 3C) , one row of upright and/or square marginal cells. Rays are of two distinct sizes. The narrow rays are uniseriate, sometimes biseriate, the larger rays are aggregate rays, commonly more than 5 seriate (Fig. 3B) . The percentage of ray covering area are 16±0.02% (tangential surface), with 11±0.7 rays per mm 2 . Prismatic crystals are present in chambered axial parenchyma cells. Starch grains are present in both ray and axial parenchyma cells.
Castanopsis diversifolia (Kurz) King ex Hook.f.
Macroscopic characters
A tall tree up to 30 m high and 120-200 cm in girth. The wood is light brown. Growth ring boundaries are distinct. Texture is fine, without lustre and odor. Broad rays are absent to the naked eye.
Microscopic characters
Wood diffuse porous.Vessels are mostly solitary and arranged in a diagonal, radial (Figs. 4A, 9A) or dendritic pattern. Vessels 109±36 µm in diameter and vessel elements 264±86 µm in length. Vessel density is low with 10±3 vessels per mm 2 . Perforation plates are simple. Intervessel pits are minute (average 2.22±1 µm), round and alternate (Figs. 8E). Vesselray pits are with much reduced borders to apparently simple, eliptic to vertical (palisade). Tyloses are common in vessels (Fig. 4D) . Vasicentric tracheids are present with thick-walled, rounded bordered pits abundant on radial and tangential walls. Vascular tracheids are present near vessels. Fibres are nonseptate, narrow, 4.14±1.84 µm in diameter and 1174.41±226.44 µm long (Fig. 4F ). Fibre walls are 3.75±0.73 µm thick. Fibres with simple to minutely bordered pits. Axial parenchyma is paratracheal, typically vasicentric and scanty. Apotracheal axial parenchyma, typically diffuse, diffuse in aggregates and in narrow bands or lines three cells wide, 4 (2-7) cells per parenchyma strand. Rays are heterocellular with body ray cells procumbent, one row of upright and/or square marginal cells (Fig. 4C) . Rays are exclusively uniseriate, sometimes biseriate ( 
Macroscopic characters
A tall tree up to 25 m high and 20-50 cm in girth. The wood is light brown. Growth ring boundaries are indistinct. Texture is fine, without lustre and odor. Broad aggregate rays are distinct to the naked eye.
Microscopic characters
Wood diffuse porous. Vessels are mostly solitary and arranged in a diagonal, radial or dendritic pattern (Fig. 5A) . Vessels 151±32 µm in diameter and vessel elements 319±30 µm in length. Vessel density is low with 10±1vessels per mm 2 . Perforation plates are simple. Intervessel pits are minute (average 1.44±0.92 µm), round and alternate (Fig. 5D ). Vessel-ray pits are with much reduced borders to apparently simple pits, elliptic. Tyloses are absent. Vasicentric tracheids are present with thick-walled, rounded bordered pits abundant on radial and tangential walls. Vascular tracheids present near vessels. Fibres are non-septate, narrow, 2.58±0.70 µm in diameter and 1012.01± 153.76 µm long (Fig. 5F ). Fibre walls are 4.25±0.92 µm thick. Fibres with simple to minutely bordered pits. Axial parenchyma is paratracheal, typically vasicentric and scanty. Apotracheal axial parenchyma, typically as diffuse, diffuse in aggregates and in narrow bands or lines two cells wide, 4 (2-7) cells per parenchyma strand. Rays are homocellular with procumbent cells. Rays are of have two distinct sizes. The narrow rays are uniseriate, sometimes biseriates, the larger rays are aggregate rays (Fig. 5B) , commonly more than 5 seriate. The percentage of ray covering area are 35±0.15% (tangential surface), with11±1.41 rays per mm 2 . Prismatic crystals are present in chambered axial parenchyma cells (Fig. 5C ). Starch grains are present in both ray and axial parenchyma cells.
Castanopsis indica (Roxb.) A.DC.
Macroscopic characters
Microscopic characters
Wood diffuse porous. Vessels are mostly solitary and arranged in a diagonal, radial (Fig. 6A) (Fig. 6C) . Rays are of have two distinct sizes. The narrow rays are uniseriate, sometimes biseriate; the larger rays are aggregate rays, commonly more than 5 seriates (Fig. 6B) . The percentage of ray covering area are 41±0.24% (tangential surface), with 13±1.82 rays per mm 2 . Prismatic crystals are present in chambered ray and axial parenchyma cells. Starch grains are absent in both rays and axial parenchyma cells.
Castanopsis tribuloides (Sm.) A.DC.
Macroscopic characters
A tall tree up to 40 m high and 80-150 cm in girth. The wood is light brown. Growth ring boundaries are indistinct. Texture is very fine, without lustre and odor. Broad aggregate rays are distinct to the naked eye.
Microscopic characters
Wood diffuse porous. Vessel are mostly solitary and arranged in a diagonal, radial (Fig. 7A) or dendritic pattern. Vessels 93±32 µm in diameter and vessel elements 260±136 µm in length. Vessel density is low with 11±3 vessels per mm 2 . Perforation plates are simple. Intervessel pits are minute (average 3.67±1.37 µm), round and alternate (Fig. 8F) . Vesselray pits are with much reduced borders to apparently simple, rounded or angular and elliptic. Tyloses are common in vessels (Fig. 8G) . Prismatic crystals are present in chambered axial parenchyma cells (Fig. 7D) . Starch grains are absent in both ray and axial parenchyma cells. 
DISCUSSION
The species of Castanopsis in this study can be identified using anatomical characteristics of their wood; presence or absence of broad rays and growth rings, occurrence of tyloses, shape of vessel-ray pits, vessel arrangement and occurrence of prismatic crystals. The qualitative, quantitative data and some anatomical features of Castanopsis species are summarized in the Table 2, 3 . Castanopsis from SEM analysis are shown in Fig. 8 . There are two distinct groups:
Castanopsis group A: broad aggregate rays are present.
Species investigated were C. acuminatissima, C. armata, C. echidnocarpa, C. indica and C. tribuloides.
The general anatomical characters of woods are yellowish, basically brown to light brown. Growth ring boundaries are indistinct. Texture is fine, without lustre and odor. Broad aggregate rays are distinct to the naked eye. Rays are of two distinct sizes. The narrow rays are uniseriate, sometimes biseriate; the larger rays are aggregate rays commonly more than 25 seriate. These characters are similar to those described by Hwang (1962) . Damayanti & Rulliaty (2010) reported that rays of two distinct sizes, exclusively uniseriate, sometimes biseriate, homocellular and aggregate are common in all the genera of Fagaceae.
Castanopsis group B: broad rays are absent.
Species investigated were C. diversifolia and C. argyrophylla
The wood is brown to light brown. Growth ring boundaries are distinct in C. diversifolia. Grain, texture, lustre and odor are similar to Castanopsis group A, but broad rays are absent to the naked eye.
Almost all microscopic characters are the same as Castanopsis group A. On the other hand, rays are exclusively uniseriate, sometimes biseriate, as in the studies of Peng et al. (1988) who recorded rays of C. argentea as exclusively uniseriate and Pande et al. (2005) also reported that some species of Castanopsis woods lack broad rays. Rays are exclusively uniseriate or 1-3 seriate such as some samples of C. indica but some specimens of the same species from different areas do have found broad rays. They also showed non-significant differences due to latitude. In the present study, a number of broad rays were found in C. indica, C. armata and C. echidnocarpa but are rare. A key to species of Castanopsis based on wood characters was constructed.
Role of wood characteristics and wood utilization
According to Lemmens et al. (1995) , Castanopsis is suitable for medium to heavy construction under cover such as boat building, bridges, flooring, plywood, Interestingly, abundant starch grains were observed in rays and axial parenchyma especially in C. diversifolia, C. argyrophylla and C. acuminatissima. As starch is a crucial food source for fungi, Castanopsis woods are widely used for mushroom cultivation in Thailand. In addition, plants with wood that contain starch grains have the advantage of being able to be propagated by stem cuttings.
Perforation plates are simple in all species, as reported in Damayanti & Rulliaty (2010) , and discussed by Qi et al. (2012) who reported that simple perforation plate provided less resistance and, as a result, water transportation is good. However, tyloses that block water in vessels, are common in the vessels of C. argyrophylla, C. armata, C. diversifolia, C. indica and C. tribuloides as is often found in some Fagaceae woods (e.g., Metcalfe & Chalk, 1957; Lemmens et al., 1995; Damayanti & Rulliaty, 2010) . However, the benefit of tyloses in white oaks for liquid storage is preferred in barrels, casks, and tanks, whilst red oak is avoided for such uses because this characteristic does occur (Shmulsky & Jones, 2011) .
CONCLUSION
The wood characteristics of seven Castanopsis species from Northern Thailand were investigated. The generalized anatomical characters follow:
Growth ring boundaries are indistinct in all species except C. diversifolia. All species are without lustre and odor. Vessels are diffuse-porous with mostly solitary and arranged in diagonal, radial pattern or dendritic pattern except C. acuminatissima vessel arranged in diagonal and radial pattern. The seven studied species of Castanopsis can be identified using the following anatomical characteristics: type of ray, occurrence of tyloses or prismatic crystals, shape of vessel-ray pits, occurrence of growth ring boundaries and vessel arrangements. The data from this study can be used to further evaluate wood utilization.
